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A13STHACT 
The pmbahility ,,f uct.:ctinn (Pd) of targch 111 Sl<lllc tnlrat~.-d allll \'tsually c.:luuered scenes IS cumput..:J U!Slllg rhc 

FuLZy Logtc \ppmach (FL:\), The f.LA i~ rrcscntcd as a tllbUsl mcthod for the compui<IUOII :.tml prCUICll(ln Ill the Pd or 
rargets in duucrcd scenes. The Mamd.mt/ \ssilian, and ~ugeno Neuwfun.y· bilst.!d m1•dcls lhtvc been mvesugatcd. A large set 
or infrared (lR) imagery and a limned set of visual tmagcl) has been used 10 model the rehntonsh tps between several mpu1 
par;unetcrs; the contrast, camounage condlltnn. range, :l!ipcct, width, .tnd cxpenmentnl Pd The luu.y .tnd neuro-fu.uy 
model~ gave predtcl\:d Pu values that had 0.98 correl;llton to the c:-.pcrimental Pd's. The results obtmned tndtl'atc lh~: I 
robustnC$S of the lun.y-based rnodclmg tcchlllque!' illld the appltcahllity of the f·LA to those types of probl~..:m~ ltaving to dll 
with the rnodeltng 1•f human-in-the-l<l<)p 1argc.:1 detccuon 111 any spectral regime 

l. INTRODUCTION 

More than three decades ago Prof. I A. ladeh proposed lhe C1•ncep1 \,f fuzzy log11.: !II. Followmg i\l:unJ<tnt iHH.l 

Assilinn's '>emma) work in applying the fuzzy logic to the control ot a stc.tm engine 111 197-1 [2!. the r-LA has hc..:n ftnding J 

rapidly growing number t..•f applicati\ms throughout industry ami science. These :tpplicauons include. transponatmn (sub'''tys. 
hchcoptcrs. ch.!vat\lrs, traffic conu,,l. and air control for high\\ay tunnels), autl•mohilcs h!ngincs. br;tkcs. transmtsston, and 
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~rws~.: c.:ontrol sv:-.tcms ), washmg madHnl!s, va~uum c.: l enn~rs. rice cookers. VCRs. air t:ondlltuners. nut:rowavc uvcns, \ tdco 

cameras, and other tnt.lu~tnes tnclut.lmg steel. chcnucal, ,\crnspm.:c, mcdtt:al diagnosts systcms, inforrnattllO technolngy, ant.! 

Jma analysis. .c t~ 13, ~ "· 6, 7J . 

t\ 'itn>ng potnt ullhe Fl A is that it pcnnits the cncodtng of cxpctt knnwh:dgc dtrcctly and castly usmg rules with 

ltngutsllc lahcls. A ''~ck romt is that ll usunlly takes some umc 10 dcstgn and tune thc membership functtons whtch 

lJUJntttatt,·dy define thc.:~e linguistic parameters or interest. It has been fuund that :nllftctal neural nt!twork learnmg 

tcd1ntqucs can aulomatc this prn\.ess nnJ substamially reduce dc,elopment time '' hilc improvtng performance. To enable a 

sy-;tcm to deal with cngmttve um:crtainttcs 111 a manner more ltkc humans, researcher'> have mcorpmnt..:d the: concept of fuzzy 

lllgk inh' these :-ystl·ms ustn)! a neural network approach . Th.: mtegratilln of these two tcdmtques is the Kcuro-1-uay 

A.pproach <Nrt\1 [Sj The NFA hns potcnttnl t11 capture the l•cncfits of "oth the fuuy anJ the neural nctworlo.. methods tn a 

~mgle mndel.1 Ncurn-f-ult) modclmg bastes anu tcdu1tqu.:~ will not be addr..:sscd tn this paper. hut wil l he thscusscd tn u 

l:::ter paper ,.\ new appn,a.:h to the computation of the prnhahility nf largct detection in infrarcJ and visual scenes cont:ltntng 

duller is pr..:scntcJ h~.:re At present. target acqutsitllln models. haseu on the th<.:t>r) of ~ignal det.:ction theory. ,trc not mature 

en1•ugh to robu~tly mndcl the hu111an dctec.tton of targets in cluttered sccnt!s. This ts h..:t.:ause our Utl<krstandtng of the vtsual 

world is a result of the pcrccpt1c n. nm m..:rcly detection. or the spatio-tempm al, sr.:ctra-photomctric "timult that 1s transmitteu 

onto th..: photorl.!ccptors on the rcttnn pq, The tomputottonnl protcsscs involved \\ ith perceptual vtsion t:un he l"onstdered as 

the process nf llnkmg gcneral11cd tc.lt.:a'> or Cllnccpts to retinal. ..:arty v1s1nn Jat:1 [91. 1 hcsc tdens or ..:•mrcpts m;ty b~..: 

represented m software usmg v;mnus clutter or edge me tries [I OJ as well as luminance attnbutcs ol .1 mtlnary vehicle or 

;Httomubilc. Fqom a svslem theorcllc pOll II or view, human perceptual vbion involves the lllapping or early \ t ~illn uata onto 

one <lr more concepts. ami then tnlcrnng a meaning of th..: stimuli hascd on pnor expcnem.:c and knowledge. The appt'<>achcs 

ot' fuay and ncuro-fuuv systems provide a robu•a altcm.lli ve to complex semi-empirical models lor predtcting ubserver 

tespunscs to v1sual and IR cluttered scenes. The fuzzy-hased .tpproaches have hccn used 10 calculate Lh~..: probabtlily of 

<ktl'ction tPd) \ll vcllll:lc~ in dilferenltnfrarcd .tnt!\ t:sual sccnes. 

1 Funhcr authnr information-
T 1.:-.1. (Cl'rTI!\pondcncc ): Em:til. meitzlct (mcc.tacnm arm) .mtl; Tcll'phonc: (K I 0).'i7.J-5405, Fax (8 1 0)574-61,~5 



2. PRODABILITY OF DETECTION CPd) FOR GROUND TARGETS 
Dunng the pma three decades there has been an tncreasing interest in the development and usc ol eomputattonal 

models to compute the st:'llic and dyn:unic probability llr lktcction of a target 111 vbual and mfrared tmages that include a 
kml\\ n \lr unkm1wn amount ol cluucr II 0.11.12.131 Clutter .lnd the tdca of the probahtluy of detection play a \UY tmpollant 
role in tht.: area of m~u:hine vtston and hunun· tn-the-lnop t:trget m:qutsition. 

The problem of modeling electro-optil:al tEO) s)Stems fM the purpose of ground vehicle! countermeasures 
develupmt!nt and system performance modeling ts an old problem [ 1-l) There arc m,my algumhms used fot the computr!tion 
or the probabthty of detection of a t<1rgct in cluner ..:tu rently used m the literature of 1magc proLcssmg and tnrgt:t acqutstt tOn 
modeling ~lost arc some \':tt iation of th~; Ft Bclvlllr . Ytrgmt.l Ntght Ytston Lab tNVL) mutlel. Duri11g the past twent} 
years there has been an 111crcastng tntercst 111 the mmlc.:lmg cummunlly to adapt the methods and results of recent research tn 
the .trc.~ot neurophysa>lllgy ami human vtsion tese,m .. h into mul uresoluuontargct :lCllll tsition nwdehng 115 I 6,23]. Presently, 
t:Hg<!t-acquJSltton-nmdcl strJtcgtcs c.m bl' dh ided mto three bn•ad cl.tsscs 

tl) C'omputcr nwdcls that ll'e the "dasstc:tl " upproach to modeling target acquis11ion pcrformancc. Thest: lllodel-; 
usually ;1ssurne :1 tar1-!el ul uni form contra~! to the b01ckground The h.:mperaturc or luminance of the targct ts computed by 
a vet ag111g over all the pnu:ls 1lll the t;ll get. In these classtc:~l models, the target si1e anJ comrnst are taken as the most 
important Slf.!ll:liUrc parameters for prct.liuing target cfctt:t.l.tbiltty hy observers Thi~ type or model hus both IR and VISU.If 
verstons Stgnal Dcte<: 11on Theory (SDT) 1s used with thts approach [ 171 for the compuwuon or Receiva Operator 
Characu .. nsuc (ROC: I curves. 

(2l c,,mputational models thnt usc the mulu-channd and multi-re..,nlution idea carried over from human vtston 
research [2·t-2Rl together with signal detection theory com.epts lr<'rn cla~sical psychophysics. !'he tnput scene is considereJ 
a.~ fom1mg mudulnted stgnals that arc transduced by the eye and 'isual conex to fom1 il mental 1mage from which an observer 
sees or d.:tccts a target. Thi~ is the so-called "bottoms-up·· appmach based on ftrst-princtples of human vision anJ 
psvchnphystcs These kinds of Clltnputer models arc vtsual models to stan, but can he applted to IR scene~ o;incc the eye is 
as~umcd to luok at :1 displayed image on n monitor l lR. 24-2tS]. 

0) Computer model" that use neural net\\'llfks and/or fuay logil.: for prcdJcUng delectability based on the input ol ,1 

data set uf target "feature.: vectllfs." Thi~ type ot' computer tnl1llel can he m.ed for both IR and 'isunl images. as well ns 1rnagc~ 
rrnm raJar and .t.:nusti~.:s. 



3. FUZZY MODELS 
fo'uzzy modeling is nn approach based on fuu.y logic with fuuy predicates. using a ucsaiptlon language. Zadeh's 

pnnc1pll: of mcompatibtltty f291 states th,ll " .• til the complexity or a system mcrcascs, our ab ility Ill mal-.e precise anti yet 

significant swtcments abuut tts hchavtOr Jimmtshcs, unul J threshold 1s rea~.:hed beyond wh1~h precision and s11~111ficam:c (or 

rclc\'ance) bct:omc mutu<tlly exclusive charactcnstics." 

Fu:tt.y models basi.:ally fall m1o two cmcgorics [301 . The first category. linguistic modds. ts based on the collccuon 

111 lf-rhcn ru les with vague prcdk.ttcs, um.l usc a fuu.y rensomng such as Mamdani's and Assili•tn's modcll3ll. In these 

mntlels, sets of mles operating w11h l1ngu1:-tic v:~lues of 1npulloutput v:~n;~h les .• tppear us an anJIIJgy to the system of cquauons 

used ft•r dcscriptinn ,,f lincar and non-linear sy~tcms. F11r a TwP-Input-Single-Output (ll.SO) system, the mndcl has the fonn: 

I r X IS ;\ ami y IS B Then I IS c ( I) 

\\'hac A, B .• md ('are lu11y sets of the umven;cs of u1scoursc X. Y. ami Z. re~rct.:Li\c l y. 

Su!!.:no ·' model 1321 is the other catcg1H y of funy llwdcb .md the~ arc characterized wnh luncllon:tl type 

conclusions The Sugcn(l model for a TISO system: 

If xi~ A andy i~ B. then 7. = f(x. yl 

where :\,and B are run:y sets or the univeThes of dl!>course X am.l 't rcspccu-.dy, 

and x andy Jre values of the tnput \'artabks. 

,\ f1rst-ordcr Sugcno hns the.: form 133 ]. 

If x is A ahd y is B Then 1 = px+qy+r _ 

f=u£Zy models can be cJevelopcd ustng the direct app1 oach. whe1c the model tS made dtrcc1ly (rom :tn expert ~ 

1-.no\\lcdgc and expressed mthc form ortogical rules. The system iJenlllicallon method is another <1pprum:h !10]. \-.hich is 

basel! un the input output uata using classical ']stem idcntifiGmion techmqucs and neural networks. Thi' approach may he 

a,· 'tunpl ished usmg the strucLurc anti pnramctcr tdentificalions 13'21. The structure tdcntification using Clustering ~echn1qut:s 

tnduding Fuzzy C-Means tFCM} [.14[. the Mountain Clu~termg [35). and the Subtracttvc Clustenng !36] 111cthods: u~o:tcrmim;s 

tnput anti output variable~. rclatJI)nships between the\ ;mables, numbc.:r ()f mles. and the parltltllntng of the mput and output 

vanablc~ tntu fuuy sets. The parameter iJcntificauon estimates the l\lFs or the fuzz) set. :-.lore detatls on the Fuu.) Log1..: 

:\ppro:u:h ;~s appln.:d to targt:l a..:quisitiou modeling mny be found in [19]. 



4. 11\tlPLEMENTA TlON 

fhc development of the software racl-.agc.: thai 11l11dds the relutJOnslup between the variou~ lact\lr'> that affect the 

d~termtnat i Oil o( the rmnnbillly ol dcl~~ctmn IS cuncmly III!Ucrgntng ucvdupment Some ur these modeling factors :Ire 

mtroduced here 10 dettllmstrmc the capability of the tuny ancJ ncuro-funy appronclu.:s m prr.:dk:ttng Pd wuh n 0.9 correlation 

to cxpcnmcntal values as shown in Fig. 2. Table~ l unu 1 slww some ol the stgnnl. t: luuer mcLnes. and the nnd !hi! signal-to­

nOise rauo (SNR). and relauve SNR 's [I II of the target 1n tht.: foreground o l the IR 1rnag,c set or whtch Fig. I IS .m example 

The probability or detectu' n CPJ) value can he detem1tncd With the R .. \ using input parameters for the 11T1agcs shown in l'ig. 

I and Fig.'s 3 through R. th~ nne output r:~ram..:tcr IS Pd . fi,g. l is a sampk nl the 111frmcd tcrralll boanJ tmagcs. from Dr B. 

O'Kanc at NVF.SD. used 1n this :.tuJy. The terrain and ,.ch 1..:k~ .m: sc.alcd mndcls of natural tcmun and 1ml!tary ground 

,·ehtcles \JVESD IS th~ U.S Anm center for rcscan:h ''" mtl arcd S)St~ms. Fig.·s ~through S arc from Dr I r.:x Tnct of Ti\0 

111 the Netlwrlamb f371 Tl'-:0 is :1 non-prolit rc~carch agency the perf\lltnS human factors rcscardl. The figure:. show a JCt.!p­

like veh1.:k in a field ,It :1 distance ot around 500 mctcrs. l'hcse ligu1cs \\ere ::.hn\\n to ohscrvers m ·' pcrccption lab .md the 

uhscrvcrs rcsponst.:::. wcn: ~1ggrcg:ncd to ohtain &:\pl·runcntal Pd 's Ftll the tntr::srcJ m1.1gcs. th..:1c w.1~ enough t1.11a to take 

every other data point anJ then compare the modd prcd1cteJ Pd 111 thc other set nf d:Ha potnts nut uscJ tn thl' tr.tining. In the 

cJse uf' the \ isual im.1gcs \VI! expanded the data"~' ol 6 initi,ll in1.1gcs anJ me tries to :! l :.ct:. nl mctncs hy taking ,tveragcs 

heh~'' and ahme each mdindual metnc. This cxp.tnded J,Hasct wa' then used as tnput to the 1\ I \ TLAB ru!Zy Logic 

Artiltcial Neural Fuzzy Inference Svstcm (ANHS) 1 he ANFfS {22) usc~ neural networl-. al.;onthtns tn assist in th..: formatton 

n( membership fu nctinns and rules thereby savtng the user ,1 lnrge amount nf time. ANFIS W<L'> used to gencrate the FlS that 

computed the Pd fur cach of the unagcs. 



Fig. 1 Night Vision Laborawry Terr.1in lloartlthcrmal im<tge 
COUIIC.:sy of Or B.lrhura. o· Kane 

Fig. 2 L:.xpc111111.:ntal vs. Fuzzy I og1c Appwach prcdictct.l Pd r,1r mfrareu terrain board 1malgl.!s 



Table I Signal-; for IR images. difference between tarj!et and background 

DT1 OT2 DT3 OT4 OT5 
scenar pix_avg_dt rss_dt_deg doyle_dt awaa_dt moulton_dt Rei_ DT Norm_DT 

1607 1.042 1.053 1.047 1.042 4.333 1.488 6.452 
1609 ·0.142 0.431 0.221 0142 0.32 -4.63 0.335 
1619 0.715 0.891 0.745 0.715 3 237 ·0.5 4.461 
1645 0.718 0.786 0.718 0 718 3.287 ·0.85 4.115 
1657 0.395 0.702 0.445 0.395 2.106 -2.58 2.385 
2127 1.244 1.263 1.26 1.244 5 119 3.155 8.12 
2151 0.625 0.704 0.636 0625 2.631 -1.68 3.288 
2155 0 864 0.886 0.865 0.864 3.334 -0.06 4.902 
2159 ·0.619 1.049 0.829 0.619 2.631 1.295 6.26 
2165 0.233 0.405 0.265 0.233 1.152 ·4.47 0.495 
2171 1 191 1.261 1.191 1 191 5.279 3.016 7.981 
2665 ·0.828 1.222 1 072 0.828 3.833 3.64 8.605 
2669 ·1.488 1.701 1.605 1 488 6.318 9.635 14.6 
2677 ·0.098 0.473 0.222 0.098 0 406 ·4.6 0.363 
2691 0 771 0.796 0.776 0 .771 3.328 ·0.62 4.347 
2697 ·0.368 0.834 0.416 0 .. 368 2.512 -1.2 3.76 
3169 ·0.292 1.285 0.987 0 292 1 789 0.937 5.901 
3179 ·0.379 0.547 0.393 0 379 1.366 ·2.61 2.351 
3185 · I 175 1.819 1.614 1. 175 5.594 8.665 13.63 
3189 ·0.683 0.767 0706 0.683 2 772 0.44 5.405 
3205 0.417 0.509 0.433 0.417 1.66 ·3.37 1.595 
3209 0.161 0.405 0.214 0.161 0.499 ·4.96 0 
3211 1.273 I 338 1 282 1 273 5.709 3.734 8.698 
3213 0 096 0.608 0.424 0.096 0.58 ·3.86 1.103 



Table 2. Noise te rms, various clultc r m e t ries and r elative SNR of th e I R images 

der poe schmeider mean bkg s td_bkg REL_CLUT Norm_RCL REL SNR Pd-Exp 
188 0.001 19.001 3.797 0.251 0.60806 3.85806 2.44647 0.897 
174 0.001 19.204 4.353 0.238 -1 5894 1.66057 2.91252 0.385 
166 0.003 22.004 2.921 0.323 5.79679 9.04679 -0.0869 1 
163 0 15.581 3 62 0 307 0.98251 4 23251 -0.8646 0846 
159 0.004 19 428 2.955 0.375 5.35337 8.60337 -0.4819 0 923 
278 0 002 15.743 3.45 0.42 1 1.35949 4.60949 2.32096 0538 
288 0.003 17 071 3.456 0.204 0.21512 3.46512 -7.7934 0.59 
322 0.004 15.204 3.462 0.231 -0.4814 2.76863 0.13096 0.846 
334 0005 15.967 3.707 0.295 -0.9764 2.27365 - 1.3267 0.263 
334 0.004 15.77 3 584 0 204 -1 1232 2.12684 3.97981 0 
333 0 003 15.432 3.388 0.425 1.02421 4.27421 2.94A71 0.897 
338 0 15.497 3.558 0.218 ·1 0928 2.15724 ·3.3312 0385 
333 0 16 906 4.146 0.223 -3.058 0.19205 -3.1509 0.436 
481 0 008 19 704 3.724 0.264 -1.6176 1.63236 2.84489 0949 
489 0003 17.695 3.877 0.287 -2.811 0 43896 0.21963 0.026 
568 0.005 17 984 3 63 0.553 -0.7379 2.51212 1.63228 0 385 
337 0 00 1 21.859 3. 155 0.308 2.96807 6.21807 0.31561 0.026 
320 0 17.502 3.803 0.289 -0.9106 2 3394 2.86989 0.564 
324 0.001 18.2 3.855 0.283 -0.9965 2.25352 -8.6953 0077 
347 0.001 21.139 4.092 0.169 -2.1237 1 12635 -0.2072 0.8.16 
283 0.001 21.468 3 799 0.176 -0.1358 3.1142 24.8114 0.5 
268 0 19.33·1 4.072 0.231 - 1.3753 1.87467 3.60977 0 
270 0 19.249 3.31 0.263 1.95249 5.20249 1.91231 0026 
269 0 18.694 3.923 0.187 -1.2307 2.0193 3.13804 0846 

r1gurc' 3 lhrPugh 8 below ::.how the 'i-.ual band TNO 1magcs used lur the l·LA appruach. The im.tge~ ar~: of a trud; .md Jeep 

at .1 Olsl:mcc 111 .1prro:omatcly 500 melt.: I~ at vanous aspl· t.:L angles In some of the pit.:lurc-. lht.: vehic le 1s parllally .:onccalc<J 

b~:h111d a h1ll 11r 'berm' ur tree. In T:.~hll: \ UJ I! Its ted :mmt.: ul melltC'> lor lhe Fig."~ 3 lhrc.ugh S. Th~.: column 1ahdcd U/Lb ts 

the largellurninance <.lhiJed hy the bad;grt1und luminance which i'> the elle.:uve SNR for these images. 



Visual lma~co; 

CoJurtt~S) of Dr. Lc' Tud ofTNO 

Fig. -' 

Fig (l 

T able J \ isual lm:t~c mctrics ~ncl ~il!n:ll tu nubc r.Jtiu tLt/l.h J 

Fig. view camou width Ll(cd/ Lb(cd LVLb Range Ct nrms Pd 
mA2) /mA2) (m) 

1 f n 23 4.9 4 1.23 640 9.6 0.53 94.6 
2 s y 34 5.5 4 1.38 500 16 0.45 79.3 
3 s n 40 5.9 3.7 1 59 500 23 0.6 94.9 
4 r n 31 2.5 1.7 1.47 500 19 0.57 96.5 
5 s n 39 4 .1 2.4 1.71 945 26 0.33 66.3 
6 I y 29 1.9 1.4 1.36 9115 15 0.22 62.7 

B~IO\\ m f-i!!. 9 ts ~hnwn th~ f-uu.y ldt:nllli~::JIJon System (HS) tl1.1t we .:un~tru~:h.:d 111 ~1.\TI AB \\llh the tnput param\!lcr~ 

lltcntton..:J .thll\c .mJ th..: PJ il!> output. The mput paraml·tcr-. .Ire ~hO\\ n on tht: t.u kft ol the figure to h..:: the width of th~ 

vchidc. the urgct lununam:c. the bat:k_~!rounc.J lununan.:c, ·nmrs', \\hich il> :t texture mctnc. the tilstancc tn the vehich.: lrom 

tho.: observer. the :L.;pect <mglo.: n t the vchtclc rclall\o.: to the qhservcr .tnJ \Vl',lthct ''r not the \Chtdc ha~ camoullagc on Jl. 1 he 



~:enter blud, tn Fig 9 shows the type of PIS bcmg cnn~tructed, nnd the bln on the far nght shows the output vari;lhlc name 

Ftg. 10 •~ the ltnng arra> for the vanous membershtp funcuons anti can actually he mampulatcd rcalumc b) the user to get J 

YJSU<J I lccllng for how changing the values of the p<lramctcr<. effects the averagctl ru output. Each column in Fig. LO 

represents a parameter, such as tnrgct range, and each row represents,, group of membership funl:llons . The column on the 

far nght ~hows the Pll averaged over l.'.u.:h mcmhcrshtp functton. 
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Fig. 9. r:uay Logic !dcnllftc<llion System for compullng vtsuat Po'~ 



Fig. 10 Firing Jtagr.uns for the ns 

5. RES LTS 
The pct(Cnt.tgc Pd':-. prcJktcd using the Ncuru-FUIZ)' approach arc shown hclo\o. 1n Fig. II The corrd.ttton of the 

c\rcnmental Pd to the H .A prcdictcu PJ was 0.9lJ. Whut ts tntcrcsting ts that a 0 .9 cotrd;llion was achieved using an tnput 

d,ll.tsct o f nnly '\ tmagc~ "llh seven mctm:s lor c:Jch image. Thts resullts tnuu.:ati\'e ut the power or using the FLA to modd 

lughly ~omph.:x data, tnr wlm:h that.> would b<: many tntcnclatl'u cquatums il' uti\: trtctl to model the dctcdton problem m th~ 

't:IOi!Jrd ,tfgt•nthrn 03s<!d method. in llllC rcfauvcl) simple mood. 

"C 
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6. CONCLUSIONS 

ln conclusion, the FLA yields very sattsfactorily results. :.1nd requ ires a fraction of the effort that goes into traditional 

algorithm hased techniques of modeling target <lcquisition probabi lities. Furthermore, fuay-based sol utions can be created in 

weeks to months in comparison to the years thnt may be nceued to creme n traditional solution. We expect that the fuay 

modeling approach could be used in the statistical dec1sion theory modules of target ncquisi tion mudcls for any spectral 

regime. 

We have developed a prototype sofhv:u-e usmg the fuz:r.y logtc appronch. Two fuzzy models have been usecl: namely 

the Mamduni and Sugeno models For rhc vtsuul image scenarios. using only 5 input-output pairs. we were uhle to predict lhe 

Pd values wnh a correlation of 0.99 as shown in Fig. I I. l\ correlation of 0.9~ was ad11cvcd for the 1magc set of rR tmages. 

:\s shown 111 Tables I. 2. and 3. the signal-to-noise kvcl becomes close to zero in many cases ancl th..: FLA !>till produced a 

mmlcl with high corrclallon. 

"1 his npplil:<t lion of the FLA involved ptl:tur~s. rnetrics. aml c-.;pcrimcntnl Ptl's t<tkcn in the mfr<~red and vtsual hantl. 

r:uture work wil l involve the applic<tllon nf the FLA to pred1ct the Pd"s of nwvinr: l:trgets in visual nnu mfrarcd cluttered 

scenes and the tnclusion m rhc Full.) Inference System ol multiln.:qucncy and color plane informallon The mcmbcrshtp 

luncllons can be designed usl!lg expenmcntal Pd's colh:ctcd m the TARDEC Visual Pen.:t:ption Laboratory (VPL) [231. As 

mentioned 111 [23], the TARDEC VPL is being used m a collnbur<ttive R&D project with an auto company <.111 vehicle 

consptcuny and for various U.S. Army work related to vtsihil ity. The bh was recently established and is a 2500 sq. ft. facility 

that permit~ embedded simulntion. The lab is equipped w1th state-of-the-art cyetrackmg and head track1ng dcvtces as well as 

high resolution color projectors. ·1 he usc of the lab ~o obtatn cxperimcnt31 Pd's 1s important ICl the process of building the 

tuzzy logic models and calibrattng other c-omputauonal VISIOn models that emulate human perception. The more the 

cxperimemal data avail:J.ble the more robust will he the membersh1p functions. !:-laving a laboratory to perform perception test 

frees one from the problems with field tests such ns, if1ciCIHI!nt wenthcr and the transportation of equipmcnL Recent ly the lab 

hns been used in several instances to co llect observer data conl:crn ing vtsibility of various systems. 

The FLA can nlso be npplied to detection problems 111 different energy areas, for 1nstance acousuc energy 

propagauon and mnterial r 1.e. metal or semicontluctor characterization). The FLA applied £O acousuc detccuon problems 

\'iII he the topic or n future paper. 
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